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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the full color 
flat-panel display of a group-Ill nitride semiconductor. 
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SOLUTION: An n+ layer 3, an n-Iayer 4, a light 
emitting layer 5 which has multiplex quantum well 
structure by means of the barrier layer 51 of six layer 
made of AI0.25Ga0.75N and of the well layer 52 of five 
layers made of AI0.2Ga0.8N and to which Si and Zn 
are added, a p-layer 61 and a contact layer 62 are 
formed on a sapphire substrate 1. Row lines from the 
contact layer 62 to the buffer layer 2 are formed and 
the islands of the n-layer 4, the light- emitting layer 
5 t the p-layer 61 and the contact layer 62 are formed 
in a dot matrix. A electrode 7 connected to the 
contact layer 62 of respective column lines is formed 
as a column line parallel to the direction of a y-axis 
and an electrode 8 connected to the n+ layer 3 of the 
respective row lines is formed. Red, green and blue 
fluorescent substance layer are formed on the 

electrode 7. Ultraviolet light is emitted from the light-emitting light 5 of a picture element on 
which electric field is impressed and visible light is radiated from the fluorescent substance 
layer of the corresponding picture element by selecting the row lines and the column lines 
and impressing control voltage. 
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100 A<OIn 0 . 07Gao. 93N Mbf&Z> 2 0l©#Fl5 2 2 

41/imTfe-5o X, #FS5 2 2ICJi, ->y nvtfS5 x 
10l8/ cn ,3^»jg^{cgsJ!n]$ttTV^o 

[0 0 4 0] r©J:3lcLT»fcixfc»*am*, EM 

ttSS20mA-^ ^3t^-^jSS3 8 Onm, Mil2mW 

[0 04 1] ffi, |§#Jf 5 0 CD#Fg 5 2 2 (CIn 0 . 0 7Ga 
O.93N Sr^V^cri*, Alo.03Gao.89lno.08N ^<£>4 5E^<£> 
3«a[fl:**i»*Srfflv^tJ:v\ X, ^yrg5 1 2 
t-GaN Srfflv^fcas, #FJi 5 2 2 0!>%M««J: 15 

'tC^Sl|^ : itiSS:^'-f-^.Al X 2GaY2lni-X2-Y2 N ¥#f££rfl^ 
-Cfc&l\ X, ^5tS5 0<^#fift^#Fco|fe«JigLS 
#iii~2 ogs&flji^s $e>ic, /<y 
5 1 2 <t#F/f 5 2 2 ttl&»?-:t*«r-S:i*-a:5 J: 

[0 0 4 2] tt»UMKtt»V a— K<P« 5 jMMM 

Fflfitt LfcjJS, ffi©*3fe^-f K400i LT, El 
9»C^-fJ;pJC, 0 ■DWIbO.SicinOIn 

0.07Gao.93 N "CfltfigLTtfiV^. i©*&©«3fc^ it 
— KI4, BIMH&amA-?. *JSft380 run, 

SSlnJt'fcofc, -0^3t^l4l.5%T'fc!?, 6£5fetf> 
ffif&<Di><D{Ztt:^X5m-fa±.l.tz 0 Z(D^m5 0 0 
l4^#£*3£8yjQL-CW«ev^s, ->y a^tfo K - *— -^16 

®5 0 0liff$0.5 /imlCLTl^WT, iETLtfJ&ffcft 
-tHK^O, nJ|4O£JBjfeJB5OO&0>IHg>MB 

[0 0 4 3] X, H8 bEl9\Z*irB&y4*— KI4. 
n + g 3 0 i: n^4 0 t f4*ICGaN-CJ>-5rox% ^tv?) 
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TflEg>£J:S3 ^7^ y VtimM&%M5 0, 5 0 0C 
3S4t5iili4V\ X, GaN tIno.07Gao.93N tOM 
©tt^fi^tt/h* < % ni4 0i|g)ti5 0i:ff)^ 
^F&-§-lc#53§7fcJl5 0, 5 0 0O5^7-f yhtejan 

[0044)i©Jiffl 

5 0 

[0 04 51 ifea3ft»<ptt 1 ^ttrfiil 
2fet-. J: 5 ic LTM^ixfcM^ K 1 0 , 
100, 200, 300, 4 0 O^rfflVfc^P®^^^^ 

ic-o vvomih-3. HToR«-eii«*^t-K 

fittSlLT 1 0T'*$tVT^-5o ft, £tT»8Ei£j;:*iv% 
T, R, G, BI4, S^Ol Ks> M-iotT 3*&ifSf, 
&feE5^, Wfe®*SrE*L, xl,x2,yl,y2 ^|±, 

1 0 0 4 6 ] Bio l:^ti 5 tc, v 1 1 © 
(f?7^) 1 1 o yl , ii0 y2 , -:4 s M$iiT 

<^5o X, yy VhStSl 10Sffi±tCI4yW*-|S]{C5p 

'tf\z.ig:7fmm<o?m.<n3fa<r>T ku^» oaj^-r >) 1 

20R xl , 12 0G xl> 1 2 0B xl> •• -AWrfLZtlXl,^ 
^Lt, T Kt"*ig|l 2 0R xl; 1 2 0G xl; 1 2 

ob x1: -(4, ^tti^n, •fvi'hm&i losisi© 

7^-Kl 2 lRxl.yl, 1 2 lR xl>y2( -; 1 2 1G 
X l, y l, 1 2 1G x i j2 ,- ; 1 2 1 B xl>yl> 1 2 1 B 
xl,y2, ■-; ^Sr^LTgEfitSixT^ 

So 

[0047] iw*®{cJifB 
<0«^^)tyY^-- K 1 0 R xl> yl> l 0 G x i, yl> 1 0 
Bxl.yl, -: 1 0 R xlt y2> 1 0 G xl> y2> 1 0 B 
xl,y2, -: ® 1 0 IC^-r«fc 0 fc, 22fe7nffi^iJ$n 

■Clr^S. LT, ^t-Kl0R xliyli 10G 
xl, yl, 1 0 B xl> yl> •• ; 10 R xi> y2 , 1 0 G xU y2> 1 0 
Bxl,y2,-: - <z>«ffi7l4, ^H^ix, 
fH^Hl 1 0 yl ; 1 1 o y2 ; -icgH^ft-cv^o 

t-KlO R xl , y i, 1 0 R xl> y2> ... ; l 0 G 
xl.yl, 1 0G xl>y2 ,-; 1 0B xl>yl> 1 0B x i, y2> -; 
-<7)fl;ffi8l4, ^tti^eti. 7K^Sl2 

0R xl ; 120G xl ; 1 2 0B xl ; -K««**tTU^ 
So rwj;5{CL-C, LED-? b!> y?xit]&fS.£tix 
V>5o 

[0048] mi ii^-r«jc, ^/7^s«i 2 

wa®±(CI4, II OIC^-f-LED-^ h y 

LT, S WOSISfero^^Sl 3R xl>yl> 1 3 
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Gxl.yl, 1 3B x i >y i ( --; 1 3R x i >y 2. 1 3G x i ( y2, 1 
3 B x i )y2 ,-; Ks> b-*? b V -y? XiZtetiZ&tlTl^ 
■5c ro*, St, WW3B*-C**^®Eco l b'-y f-A^s 

iki>\ 0 i 2 t^-r«t o tc, 3pfTjc*^*n-c, ¥B 

1 4-C-I4. URShfcKy h©»«SHfcftro«*tc» 

ItftfrJIl 3lc#**toS*flSltS*U 0f^©fta J »*i- 
5 0 ft, #©4Hir*fc#JSUfc**^*-Kl 0 
R, 10G, 1 OBO*#M»©3B*3i«S:IW«li-ari: 

T\ 3?^iIIB_Lcoi Ks'hro^MIPtSririiST* 

[004 9] ±M<nik%frm 1 3 {cite, jtftMsh *3t 

*0*3tft:i:LTZnS:Cu,Al Igytfcb Y 2 Al 5 0 12 :Tb gft 
fSfe***)***** LTY 2 0 3 :Eu 

ZnS:Ag,Al S3fcfle«rffiV*5 w fcT't 5„ ^Oftiiro*^ 
fr**** t LTJi. Zn 0 . 2 Cd 0 .8S:Ag, Zno. 6Cd<). 4S ; Ag, (S 
r, Ca) 10 (P0 4 ) 6 CL 2 : Eu*| £ m V»5;fc*Tf*5, 
[ 0 0 5 0 1 atreSSMPlK 2 SHEW 

Lt±5l-,'t7r^7SSl±lC><3>7rl2, n + 
S3, nf4, ^JleJg 5 % pi6 1, 3^^M62 
*-CJgfi£$ix-5o 113> 014. Il5l:*t 

<fc5l£, n + «3*-eaiy^-^*n, nJl4» »3W 
5, pl61> ny;?^ M6 2©ftiS3Ii$^*$ 
ix5„ &tc, J6IHK8 0T*n + Ji 3 ©Ka»a*flH3*t*: 

n + i35t;3 M6 2jc*ti-s««»rijaj 

o|6l*tt8 0fcJ6#»j*£*i*. ^co^> Hi 3, 01 

4, il5lOTf,i;9l;, M6 2R, 6 2 

6 2B{Cg5-g-f-5Sffi7R, 7G, 7Bin + §3 

[00 5 1] ^rLT, 1S7R, 7G, 7 B(D±MK 
i> t©SMl3R, 13G, 13B«$ 
ix^o n + g3dS#3§3teS5R, 5G, 5 

BJCJsW6*iS««i:*i), 1S7R, 7G, 7B&3 
K&<OW1RWSbk&. 1SM8 SrT — ^ £: LT, ®H7 
R, 7G. 7BO-t*L-e*Ljcfi|»«EasSM!lO**t5ri: 
•C, #%%Ji5R, 5G, 5B*»&lW»«JElC»J4:L-fc 
!fi«0**W|!4S»***L, #«3fe#:JI 1 3 R, 13G, 
1 3 Btt*J»«EKS*jftLfcSME0>#, J*. #fe07fc£: 

10 0 5 2] *mmm<D*aim& 

X, #3^?H62R, 6 2G, 6 2B|:S^f5 
Wi 7 £#i§®& i U n + S 3 *&%M\zMfc tt, 
#n + 13R, 3G, -3Bti^t5«S8R, 8G, 
8 B*-gft®ffiii-3fc.li. 016, 017.0181:: 



TS«l7l5Sffli--5*T*^ : fT$^5o BP*>, '*v7rM 
2frh^^f? bM6 2*T-/45^^jc3o(Dft{C^$ 
*n + i3R, 3G, 3BlC#i-5«tegj*aBfi|c 
n + 13R, 3G, 3 B CO— SU^Bffl-fS ± 0 

H6 2R, 6 2G, 6 2B(C*iiLT 
Sf-&-rSJ:5lJ:«i7a«»ias*i, BtBLfc#n + Jf 3 
R, 3G, 3BIOtix-?ai,gHH-5mffi8R, 8 G, 8 
BiW&a&Sih,*. 

[0053] m*mm<p®4&mm 

013, 016 icTF-r «t 5 ^ ^ 7"Br^fe^3t^-r 

K«rBllOtrafR^2»:5cE98**Swi:-e, 7/u 

co^t-fi, *vBB±0 1 Yv bmz3m&&yf*Iifc 

•5, £ bfc. 013. 016 tc^i-#tjt<0*3tfrS*^ 

K^y^SrH 1 Ofc^-TJ; 
5 K 2 &tcE!?iJ U 0 1 2 fcjjrf J: 5 lc**fWi#*# 

[0 0 5 4]iiilWH5HM 
^{C^-T^JS01J{±, »-©t7r-l'7»Kf7^*7- 

(d, t77-l'7«gl±|C/'!y77l2 > n + |3, n 

14, 3§}fcS5, p«6 1, M6 2£T'®j£ 
*H5„ <Sk»c, 019, 02 1(^tJ;5l^ xtt#ft 

= h^6 2^5)^5'77i2*fxyfy^$tl 

S. EP*>. fr^-fi'EWMi, t77^7SSl$tiy 
fy^^tlS. 2fc«C, #3J^fecoB^fC*f^LT, 01 
9. 02 OtC^-f «t K? h"^ MJ 5x^^(C, n + 

i3ST*iyf^Jti, n«4, ^7tJf 5 , pf6 
1, hl6 2Wl^Kyhvhy. 7 ^^|cM 

MfcZtlS., -^com. 019, 020, 021 td^-f-i 

5 tw, #^7^ ^cD^g-=i V* ^M62 R xl> yi, 6 2 R 
xl,y2,-: 6 2G x i >y i ( 6 2G x i >y2 , 6 2B xljl| 

6 2B xliy2i -; -l^tStiTR,;^ 7G xi ; 7 
B x i; -a*y*6*lfillc¥fT*5«l9-f i^i: LtM$ii 
5, X, s S-fT7-<^cOn + S3 yl , 3 y2 . -tCg^-rs 
®ffi8 yl , 8 y2> -i^^inio 

[0 0 5 5] LT. ii7R x i; 7G x i; 7B xl ; •• 
OiSf-g^, *co^3t^Sl 3R x i >y i ( 1 3R 
xl, y2, •"'> 1 SGxi.yi, 1 3G x i >y 2, — ; 13B xl yl> 

i3B xl>y2) -; -iWEWESift*. n + J| 

3yl, 3 y2 , -*sff7-f> (ft^) . «1S7R xl ; 7 
G xl ; 7B xl ;— z5S?iJv-<v (7K^i) «t^5o - 



® 
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(8) 



fc^T, 3J^fe0DB^<O^3tS5R, 5G, 5BtC{=PJQ 

[0 0 5 6] agg^6»«o«tfijttttr«« 

X, n+ S3Sr?ij7-r>', *fi!7S:fT7-1'^i:-rsr <fc 
fc-e#5 0 SP*>> 12 2 2, 0 2 3{C^-f<t ?fc, yW*- 

^■y^V^^ttS. *3Jife©Hi*K:*M;L-C, 
0 2 2 , 0 2 4 izm-T J: 5 IC, Ks/ b-r b V yfxiZ, 
n+ «3*-C'3iy^>^$tl., n!4, Mg5, pi 
61. =^?M6 2C»*Ky h^hyy^xfc* 

3 ^^ni6 2 lw^ri-S«S^8itO|fi«R8 0 {CSg 
A5^$4x5„ E2 2, 02 3 v 0 2 4 Id^f 

«fc 5fcl, «-fT7^f >©#3y^^ F§6 2R xl>yl . 6 2 
Gxl, y i, 6 2 B x i ( yl> ••• ; 6 2 R xl> y2 , 6 2 G xl( y2 , 6 
2B xl,y2. --; **l-ett, grS-i-£f!&7 yl ; 7 

X, ><Dn+ M 3 R x l,yl, 3 R x l,y2, — : 3G 

xl.yl, 3G x i ( y 2 , ••; 3B xl>ylj 3B xl>y2> --; ■{Z., 
•frft-eju S5^"t-5«ffi8R xl ; 8G xl ; 8B xl ; —ifi 

[0 0 5 7] ^LT, fg7 yl ; 7 y2 ; -<£>±EiC. 
^> ^ Ww^^ffcjf 1 3 R xl> yl> 1 3 G xl> yli 1 3 B 
xl.yl.-! 1 3R xlfy2> 1 3G xl>y2> 1 3B x i >y2> - -•; 

3G xl> 3B xl ; 3R x2> 3G x2> 3 B x2 ; ■■■m^'fl' 
(Tb'V^m , ««7 yl ; 7 y2 ; •••^ftv'fv (ff-ff- 

fnAD$tvfc®^co^3feS5^ib^^2!)S%3tL. *tJCS1- 
5Bj*W*3t<*:g 1 3^t5^3ti»^#t$tv-5o 
@lffi±£>£- Ky hAIC33V>T, 3®feW®^05^3tS 5 
R. 5G. 5Blcmi]Q-tZnj££:Mffl-tZZbX\ &M 

[0 0 5 8] ft, _LfE<Z>S?5. ^6 j|^0U(c:*JV>-C, ^ 

Ky M ftfctf 7 £**B£ 

[0 0 5 9] ^ffmS7$ffil 
0 2 5 iZ7jk1-£ o \c y n + f3 &&i3l<D^ftM t L, n 
4A»btt&7&-?*\ #MJlMSfc$MKLT b'-y b^r b 

DvfxkLx. &w%(omm7 ■\z.*tLx*&*tk m 



&Wi&1xT\<^Z>&m%$:mVi-t- Z1ttb<DV— b 

im i ] *mw<Dm i mmm<D&7f;mmz®.m 

IB 2 ] !Q3tifctt0%7UlH5% j'W' af- KO«JtXS«r 

[0 3] IRI*lS««>*#M»J836^-f^— ■KflDKJtXS*' 
^L7c#rfi0 o 

«b3tWfiSB. 

IB 5 ] mmmm<Dm^-m^^^ *~ Kostjsie* 

[B6] fl&OWO*y1.*M83fe^*-K©«^Sr*Lfc 

«f£B 0 

«J&0„ 

[B8] ffi©«©*yMM53t^-r*-'K©«^«rS%Lfc 
«J&0 O 

[B9] te©W©***ft*3te^f*-K<D*j«**Lfc 

*j£0. 

IB 1 0 ] fS l *JS^J<0*^^aroi4gO«^5r^ Lfc 
^PffiBo 

[Bill #l?fettffl<D*^£a®;??*^09fltj£& 

[ii2] *&\&iim<D*ttm.nittw&tt\*izm 

SBo 

[B 1 3 ] ^2 Hte«SJcD*^ficofl|^^^ Lfc^Pffi 
ID, 

[114] m 2 HtefiSJW*^$iaS: x *fi*|RltC§JBf Lfc 
KrEBo 

[0i5] fS2Mmm<r>^mmmy$A^^nz^}Wivft 

[016] S3 mfe^JW^§ggco^5r^ LtiW-M 
Bo . 

[017] )R3|tlK«l|«>^SIfl|^xM^|c«D0rL^ 

[bis] m3mMm<n3c7Fmw: : §:yMjjfa\z$)mi,tz 
mmm, 

[019] 15 XM9i<D3t7F&&tomi&&m LAc¥® 

0. 

[B2o] is 9mm<n&mm&& x M^iRiic«)Kf 

[021] m5nmm(o&jjimm.&ymj?faiz$}mLtt 
mmm. 

[02 2] SeSIJS^lco^SlgcD^Sr^Lrt^ffi 
Bo 

[02 3] g6Htttt<0&$Sa*rxtt:&fi(cgWrLfc 

W0„ 
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[@24] fg6mmm<D&7ik$im&y$ti*>faic®mLt: 

Ho 

10, 1 0 0, 2 0 0, 3 0 0, 4 0 

K 

l-^^T^TStg 



3, 3 0 -m*T V 78Sn + Jl 

4, 4 0-nl 

5, 5 0, 5 0 0-^jtS 

51, 510, 511, 51 2-/<P7| 

52, 520, 52 1, 5 2 2-#FJl 
6 1,61 O-pI 

6 2, 6 2 0 - =t>?? hm 
7, 8-m.M 



1 3 



mi] 



10 




62 p-GaN (Mg-doped ) 

61 p-AI o. aGao. tN (Mg-doped) 

f 52 Alo. 26a 0 . $N (Zn- Si-doped) 
5 { 

1 51 Ala. asGao. tsN 
-AU. 3 Ga 0 . tN (Si -doped) 
8 Ni 

3 rT-GaN (Si -doped) 
2 AIN 



1 Sapphire 



} CDMQW 




im2] im4] [is] [mi 5] 
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(10) 



5 



3l 



2E 

IT 



[HI6] 

100 



510 Alo. 

520 Alo. 

510 Alo. 

520 Alo. 

510 Alo. 

520 Alo. 

510 Alo. 

520 Alo. 

510 Alo. 

520 Alo. 

510 Alo. 



2s6ao. 75N 

aGa 0 . sN (Si -doped) 
2aGao. tsN 
2 Ga 0 . 8 N (Zn-doped) 
asGao. 7gN 

2Ga 0 . eN (Si-doped) 
2sGa 0 . tsN 
2Gao. aN (Zn-doped) 
2sGao. tsN 
2 Ga 0 . 8 N (Si -doped) 
2sGao. tsN 




80 36 SG 



HI 1 8] 



Si 



[H17J 
200 



511 Alo. 

521 Alo. 

511 Alo. 

521 Alo. 

511 Alo. 

521 Alo. 

511 Alo. 

521 Alo. 

511 Alo. 

521 Alo. 

511 Alo. 



jsGao. 7sN (Si-doped) 
aGao. 8 N (Zn-doped) 
2tGa 0 . ?»N (Si -doped) 
2680. sN (Zn-doped) 
asGao. 75N (Si -doped) 
2Ga 0 . sN (Zn-doped) 
2 S Ga 0 . 75N (Si -doped) 
aGa 0 . aN (Zn-doped) 
2sGao. 7sN (Si -doped) 
2Ga 0 . 8 N (Zn-doped) 
2BGa 0 . 75N (Si -doped) 




[1212] 

14 13B.i. y , 

1 ? K 



13G„. 



13R,,. 



y 1 



y 1 



11 



I x I C±Z3 C 

: 1 — r~i c 



1 



10B ml. y 1 * 10Rx1. y I 

10G».1, yl 
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[128] 

7 Ni IP 




[013] 1014] 




(12) 
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[19] 





[125] 



R A 6 B 

\ I I I 



Mm\m 



□□□□ 



.V 
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(13) 
[110] 



xl. yl 10G*1, yl lOBxl, y1 




(14) 
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[Hll 9] 




! 7R«i 7G*i 7B»i 7R.2 7Gx 2 7B„ a 



[1212 0] 



13Rx1. yl 13Gxl, yl ^I3B x|, yt 

7Rx,^^ (7G», / 7B», 




62G, 1. yl 



< 0> >n- 
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5R*l, y2 5Rxl, y3 



